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Abstract
In this paper, we propose a novel bandwidth-eﬃcient handoﬀ scheme for proxy mobile IPv6 networks. Mobile nodes (MNs) are
classiﬁed as either slow or fast; ﬁrst, though, to implement a bandwidth-eﬃcient handoﬀ scheme, an MN should be registered in a
microcell. The microcell is overlapped to handle an overﬂow session request, which is nested; in a macrocell, an overﬂow session
request makes a request to return from the boundary of the new microcell. If idle session traﬃc is in a cell, it is requested by the
target microcell. If the total systemic traﬃc load is not very large, the proposed scheme provides the best bandwidth eﬃciency and
a more favorable quality of service (QoS) for an MN without the incurrence of a large systemic processing cost.
c© 2016 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Conference Program Chairs.
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1. Introduction
The basis for the proposal of this paper is the research regarding an eﬃcient handoﬀ method for the bandwidth
of the proxy mobile IPv6 (PMIPv6) network that is presented1. In particular, the method2 was leveraged for the
four approaches regarding the resource sharing between the two layers; however, the maximum network bandwidth
divides the other parts of the macrocell-layer and microcell-layer resources. The overﬂow from one layer to another
layer is not considered in this paper, and the request overﬂowed in the macrocell monitors the channel resources in
the microcell; moreover, a cancellation request moves to the microcell of the entered target beyond the microcell
boundary. If all of the traﬃc channels are available, the session will then move to the target microcell.
The PMIPv6 network should be overﬂowed to the macrocell layer for an idle traﬃc channel, or it can be moved
successfully to the microcell layer; also, it should be able to monitor the control channel in both the macrocell and
microcell layers. A modular access gateway (MAG) should be able to convert a layer during it communication with the
base station of the macrocell layer. It is possible to provide a better service quality to the mobile node (MN) at a small
processing cost in a system with an optimally eﬃcient bandwidth by comparing the combinations of three schemes
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(nine candidate schemes) with the MAG, the latter of which is either slow or fast; this is just like a performance
evaluation if all of the traﬃc loads in a system are blocked.
The remainder of the paper is organized as follows. In Section 2, the relevant research are presented. Section 3
provides deﬁnitions for all three of the schemes that are used for the eﬃcient handoﬀ scheme. Section 4 presents
evaluation results. Finally, Section 5 concludes this paper.
2. Related Work
The current Internet mobility management/control technology comprises the centralized manner feature that is
based on a hierarchical network architecture. The current mobility management performs a mobility management/control
function that is based on a centralized mobility-management anchor in the core network; however, this is now a cen-
tralized mobility-management system, as a very easy handling capability is expected in the event that the mobile
Internet-traﬃc demand increases exponentially. Mobility management has therefore been analyzed and studied in a
variety of ways.
Consider a macrocell and a high-speed micro-cell cellular system resources performance overlap microcell3,4, a
hierarchical cell structure and the multiple-access options for the support of a personal communication system was
proposed5; however, the ﬂow request of a microcell layer is allowed over the macrocell layer, whereas in the opposite
direction, the ﬂow request is not accepted6. The overﬂow to the macrocell layer in a microcell handoﬀ is therefore
restricted7. Speed-sensitive handoﬀ techniques are used in the ﬂexible, hierarchical cellular networks5, whereby
microcells are used to provide the lower mobility traﬃc and macrocells are used to provide the higher mobility
traﬃc. In the microcell to macrocell, overﬂow requests to the microcell are allowed; furthermore, the overﬂow is
allowed to cancel the request of the process. In a comparison with the other schemes5, the total bandwidth resource
remains constant, showing that both fast and slow can provide a better quality of service for the MN. A proxy-based,
seamless handoﬀ scheme4 is proposed for a mobile IP in a heterogeneous network. With respect to PMIPv6, a cost-
eﬀective mobility-management scheme with a delegation ability that is supported by the network has been described7;
in addition, by using a network-based mobility management rather than a host-based mobility-management service
provider, a maintenance and management that is at a lower cost than the network is oﬀered8. The employment of
secure smart mobility (SSM) for the design of a mechanism has allowed for the development of an analytical model
to analyze the coverage of PMIPv6 and F-PMIPv6, and for the selection of a better alternative between PMIPv6 and
F-PMIPv6 for users of mobility-service characteristics that change based on the model9. SSM is the best choice for
the mobility anchor point that ﬁts the size of the area for the optimization of the systemic performance. The MN oﬀers
additional special functions, and a network-directed handover is possible with a new PMIPv6-SIP architecture while
the session without middleware is maintained10. A handover is required to use the PMIPv6 mobility management
of the terminal, and the SIP session is used for a centralized mobility management. For a wireless mobile network,
an Auto Test system11 is proposed for the mobility performance testing of the mobile client, whereby an IP-based
QoS that is based on user-traﬃc patterns in the next-generation mobile network oﬀers a guarantee mechanism12. A
study regarding mobility management and the continuing implementation problem of the PMIPv6 system must be
considered in the future.
3. Bandwidth-eﬃcient Handoﬀ Scheme
It is assumed that a network-forming domain consists of continuous microcells, as shown in Fig. 1; moreover,
these microcells form a lower layer out of those two layers, whereby all of the N microcells are overlapped with the
macrocells that form an upper layer. Each macrocell can utilize the CM traﬃc channel and the Cu channel is assigned
to each microcell. All of the channels are to be shared between the transmission session request and the handoﬀ
request; that is, no priority is granted to the handoﬀ request.
This assumption is to be conducted without any addition of the handoﬀ priority in the remainder of this paper;
anyhow, the analysis scheme proposed in this paper can be easily expanded to include a handoﬀ-request priority. In
the proposed system, the MN that is classiﬁed as either slow or fast crosses the areas of many cells on a random basis;
moreover, the speed of the MN is not modiﬁed during communications. This paper proposes and analyzes a system
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Fig. 1. Macrocell and microcell hierarchical structures.
that allows us to select one of the following three schemes in relation to the operation of of both MN types (slow and
fast); here, the various MN mobilities are not distinguished:
Scheme 1: (Fig. 2 (a)) Transmission session request moves to microcell (Fig. 2, Line 1.1). If the number of
channels in the microcell is the same as Cu, then the transmission session request will be overﬂown and overlapped
with the macrocell. If the number of channels occupied by the macrocell is less than CM , the transmission session
request moves to the macrocell (Fig. 2, Line 1.2); otherwise, the transmission session request will be blocked (Fig. 2,
Line 1.3). (Fig. 2 (b)) If the currently registered cell is a neighbor of the microcell, then the handoﬀ request moves to
the target microcell (Fig. 2, Line 2.1). If all of the channels of the target microcell are busy, then the handoﬀ request
will be overﬂown and overlapped with the macrocell. If there is an idle channel, then the handoﬀ request will be
provided by the macrocell (Fig. 2, Line 2.2); otherwise, the handoﬀ request will be failed and forcefully disconnected
(Fig. 2, Line 2.3). (Fig. 2 (c)) If the currently registered cell is a macrocell, then the handoﬀ request will move to the
target macrocell (Fig. 2, Line 3.1). If the macrocell has no idle channel, then the handoﬀ request will be failed and
forcefully disconnected (Fig. 2, Line 3.2). It is worth paying attention to this aspect of the scheme so that it does not
allow for any overﬂow to the lower layer from the top layer of the cell.
Scheme 2: Transmission session request moves to microcell. If the number of channels that are to be used in the
microcell is the same asCu, then the transmission session request will be overﬂown and overlapped with the macrocell.
If the number of channels that are occupied by the macrocell is less than CM , the transmission session request moves
to the macrocell; otherwise, the transmission session request will be blocked. If the currently registered cell is a
neighbor of the microcell, then the handoﬀ request moves to the target microcell. If all of the channels of the target
microcell are busy, then the handoﬀ request will be overﬂown and overlapped with the macrocell. If there is an idle
channel, then the handoﬀ request will be provided by the macrocell; otherwise, the handoﬀ request will be failed and
forcefully disconnected. The MAG provided by the macrocell during the roaming process in the service area monitors
the crossing of the microcells on a consistent basis. The cancellation request moves to the target microcell that is
entered in each boundary. If there is an idle channel, then the cancellation request will move to the target microcell;
otherwise, the MAG will be provided by the macrocell.
Scheme 3: Transmission session request moves to the macrocell. If the number of channels that are to be used
in the macrocell is the same as CM , then the transmission session request will be overﬂown and overlapped with the
microcell. If the number of channels occupied by the microcell is less thanCu, then an overﬂown transmission session
request moves to the microcell; otherwise, the transmission session request will be blocked. If the currently registered
cell is a neighbor of the macrocell, then the handoﬀ request moves to the target macrocell. If all of the channels of
the target macrocell are busy, then the handoﬀ request will move to the target microcell. If all of the channels are
idle, then the handoﬀ request will be provided by the microcell; otherwise, the handoﬀ request will be failed and
forcefully disconnected. In the MAG provided by the microcell, the cancellation request moves to the macrocell that
is overlapped with the traversing boundary of the microcell. If an idle channel is present, then the cancellation request
will move to the macrocell. If all of the channels are busy, then the MAGwill begin a handoﬀ request with the adjacent
microcell.
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(a) Start-session requests
(b) Handoﬀ requests from the microcell (c) Handoﬀ requests from the macrocell
Fig. 2. Handoﬀ Operations of Scheme 1.
When the MN is distinguished as either slow or fast, and a line is selected arbitrarily among the previously men-
tioned three schemes, a total of nine schemes can be combined; for instance, the combining of a slow MN in ac-
cordance with scheme 2 and a fast MN in accordance with scheme 3 will generate scheme (2 + 3). The following
performance analysis is only regarding scheme (2 + 2) that is proposed in this paper. It is assumed that all of the cells
that belong to the same layer have the same nature for an understanding of the overﬂow through the analysis and a
simpliﬁcation of the cancellation mechanism; however, the basic analysis method can be extended for a study where
the separation of two groups is commenced for diﬀerent properties.
4. Performance Evaluation
4.1. System Modeling
First, the system is placed as follows:
1) The full system is covered uniformly by the microcell and the macrocell; that is, one area of the microcell or
between the simultaneous overlapping of the service areas by the macrocell.
2) Deals with overﬂow such as Poisson traﬃc. The simulation results show that the inclusion of the family analysis
creates the representation of a sound approximation of the real and eﬀective case interest5. If each of the permitted
three kinds have been selected from one of the candidate schemes in both the slow- and fast-MAG schemes that are
described in Section 3, all of the other nine candidate schemes have been deﬁned in Section 3. With the exception of
the analysis described in the method of (2 + 2), the analysis of the other eight diﬀerent schemes can be easily observed
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in a similar way. One simple model of mobility is the mobile ﬂuid-ﬂow model13. This model estimates the uniform
density of the users throughout an area and moves the users equal to any position along the cell edge. In the two-scale
model, where L is the length of the circumference of the cell A, the calling rate of a given mobile user is attained by










For the ﬂuid ﬂow with the mobility model, the macro outgoing rate is derived from both the fast and slow cells,









Vt and Vs are the average speeds of the fast and slow MAGs, respectively. When the slow and fast MAGs in the
state of each session are not complete, the MAGs of the PhsM and Ph fM are deﬁned as the probability of the current




Ph f M =
n fM
u + n fM
(4)
PhsM and Ph fM are noted for the handover request, whereby the probability is not superimposed when the cover
area is not available for the completion of the session, and the probability of the macrocell that remains in the MAG,








When the outgoing session-request probability of the state has not been done in the slow-MAG and fast-MAG




Ph f u =
n fu
u + n fu
(6)
In the microcell, the slow and fast MAGs maintain an average session time (the average channel-use time), as










u + u fu
(7)
In (2 + 2), when the cancellation request is accepted by the current target macrocell, the microcell in the macrocell
that is provided by the MAG can be moved from the macrocell to the target microcell; that is, the average time of the
session in the macrocell 1u+usM ,
1
u+u fM
that is within each of the slow and fast MAGs.
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The calculation of the average time of a session deﬁnes the MAG by sending the conditional probability PoM of the
MAG that is currently serving the macrocell; that is, if the current in the MAGmicrocell moved, it moves according to
the probability of 1− PoM , while the current macrocell moves to the other nested, overlapping, neighboring macrocell
according to the probability of PoM . The average session time of the slow-MAG macrocell can be given by the





u + nsMPoM + nsu(1 − PoM)(1 − Pbu) =
1
u + nsu[(1 − PoM)Pbu] (8)
The slow-MAG session provided by the microcell may fulﬁll one of the following three conditions:
1) Completion of the session
2) Departure from the cover area of the current macrocell
3) Return to the outside of the cover area of the current microcell to cover an area that is beyond the current state
and is an adjacent microcell or a target macrocell; that is, the session is successfully returned to the hierarchy from
the macrocell to the microcell layer.
usM = u + nsu[1 − (1 − PoM)Pbu] = nsu[1 − (1 − PoM)PbuPhsu]Phsu (9)





u + n fMPoM + n fu(1 − PoM)(1 − Pbu) =
1
u + n fu[(1 − PoM)Pbu] (10)
u fM = u + n fu[1 − (1 − PoM)Pbu] = n fu[1 − (1 − PoM)PbuPh f u]Ph f u (11)
















This section describes the results. Table 1 is a parameter for the performance analysis14.
Table 1. System Parameters.
Parameter Description Value
Rs The total arrival rate of the original traﬃc 0.5
Ru The radius of the macrocell 250
RM The radius of the microcell 1000
Vs The average speed of the slow mobile user 2
Vf The average speed of the fast mobile user 10
u Session-maintenance time 1/120
The total arrival rate and part Ps of this traﬃc originated from the home of the original traﬃc, the slow MAG.
In the example that is shown14, the number is not speciﬁed if Ps is set to 0.5. As with the deﬁned parameters,
it is assumed that W=200 and the frequency of the re-use total bandwidth of the formula is Ku=KM=4; also in this
example, the number is shown and the total bandwidth of the system W is constantly maintained, while is it is also
assumed that a single macrocell is by the same microcell and Ru=250m, RM=1000m. The assumed average speeds of
the slow and fast MAGs are Vs=2m/s, Vf=10m/s, respectively. The session-retention time displays an exponential
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(a) PbM / Pbu. (b) Cu(PL) / Cu(PFT ).
Fig. 3. Blocking probability.
distribution with a mean of 1/u=120s. In this study, the (2 + 2) scheme was analyzed, but an eﬀective bandwidth
scheme may also be found with the same results for the remaining candidate schemes.
The candidate schemes in the macrocell layer (2 + 2) of the channelsCu to PbM that are in the blocking probability
and the microcell layer of the sending request of the forwarding request for the blocking probability of Pbu are shown
in Fig. 3(a). The sending of a request by the scheme (2 + 2) for the blocking probabilities of PL and Cu, according to
the MAG of the average force-termination probabilities for channel Cu to PFT , is shown in Fig. 3(a); the λo ratio of
the microcell-session requests to the origin traﬃc in this ﬁgure is set to 0.24 sessions/s. Using the above parameters,
the formula Cu+CM=50 has been derived. Scheme (2 + 3) will increase if the Cu is increased along with the PbM . For
both the slow and fast MAGs, if scheme (3) is applied, the PbM will always be increased as Cu is increased because
the ﬁrst request that arrives sends a request to the channel of their microcell layer; for this reason, PbM will be greater
with a decrease of the number of CM channels in the macrocell. For other schemes, is should be noted that the PbMs
is reduced with the increase of Cu. The PbMs variation of the words is not monotonic. The deviations of the PbMs are
mainly determined by the following two factors: 1) With the increase of Cu, further arriving traﬃc will be received
by the microcell that has a tendency to decrease the amount of PbMs that is produced. 2) With the increase of Cu,
PbMs will be reduced, but a PbMs with an increasing tendency is also produced. The eﬀect of factor 1 in accordance
with the decrease of PbMs will be similar to the reduction of Cu, and this is mainly due to the increase of its import;
here, the improved Cu is greater than the use of the resources in the microchannel layer in the case where the Cu is
small. Similarly, the eﬀect of an increase of factor 2 on the PbMs will be signiﬁcantly more visible than that from an
increase of Cu. The features of PbMs are mainly determined by the interaction between the two factors. In addition,
the visibility of the optimal choice of Cu and the minimum value of PbMs is achieved by the selection of (2 + 2), and
this is because it is preferable that all of the candidate schemes and (2 + 2) are used as the channel resources in the
microcell layer. Of course, the probability of the blocking schemes between the same microcell layers can be seen in
Fig. 3(a); from this ﬁgure, the probability decreases with an increase of both Cu and Pbu.
Regarding Fig. 3(b), it should be noted that, in addition to all of the previously mentioned information, the de-
creasing tendency of scheme (2 + 2) and PLS and Cu occurs with the increase of PFTS . The increase of Cu is due to
the large number of resources that reaches the capacity expansion of the re-use system. The trough-variation charac-
teristics that are seen with the PLS and PFTS of (2 + 2) occur because PL is determined completely by the production
of PbM and Pbu, and also because it is mainly determined by the characteristics of PbM and Pbu. More importantly,
another handoﬀ-request-control scheme was found to be diﬀerent from the result regarding the QoS that is determined
by the blocking probability and the probability of the forced termination of the service. Results were derived accord-
ing to the numbers that are shown by the best choice of method Cu with the (2 + 2) to obtain the minimum values of
PL and PFT . In fact, for scheme (1) and scheme (2), resources are channeled in the macrocell whereby the stack holds
the microcell pool of the common channels. In this way, access to the channel resources within the microcell layer
is not requested, and the channel in the common pool of the macrocell will be overﬂown to decrease the blocking
probability of the session. Unlike those in scheme (1), the method of the session provided by the macrocell, microcell
after that will be approved for further improved Schemes for the use of a common pool of channels in the macrocell
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layer (2). Fig. 3(b) shows scheme (2) of the approved methods of scheme (2 + 2), whereby the slow and fast MAGs
can reach the minimum values of PL and PFT .
5. Conclusion
This paper presents the study of an eﬃcient handoﬀ scheme and a proxy mobile IPv6 in relation to bandwidth.
The MAG is divided into two classes depending on whether the mobility is slow or fast. The microcell is used for the
handoﬀ and the transmission session of both the slow and fast MAGs. The macrocell is overlapped with the top of the
microcell for the transmission session and the handoﬀ is overlapped with both the slow and fast MAGs; moreover, the
session covered by the macrocell displays a channel resource inside the moving microcell. If all of the traﬃc loads
of a system are blocked through a broad-range comparison that involves the other candidate plans, then the scheme
can provide a better service quality for the MAG with the optimal bandwidth regarding eﬃciency and less systemic
processing costs.
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